the dog had history of emergent adult Guinea worms. The Chad Guinea Worm Eradication All dogs, apart from pups, were fitted with adjustable nylon collars (Ancol, Walsall, UK) equipped
with an iGotU GT600 GPS logger (Mobile Action Technology, Taipei) with a 10 minute fix interval.
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After deployment for up to 14 days, collars were retrieved and data downloaded. Locations before 1 0 7
6am the day after deployment and after 6am the day before retrieval were excluded to avoid 1 0 8
interference arising from our activities. Fixes that suggested speeds greater than 20km/hr were 1 0 9
considered spurious and excluded. In one village (Gomba) in Largana, owners removed collars early,
so locations after midnight prior to their removal of collars were excluded. The dogs' core and total 1 1 1 ranges were characterised by 60% kernel density estimates and 100% minimum convex polygons, Kakale and Largana, respectively. We sampled the distribution of ponds by drawing a box around all determined the number of visits (locations within 100m) to a pond and to the Chari River, the number an interval of 30 minutes between fixes). To characterise the ponds most visited by dogs, ponds were Variation in dog range sizes was analysed using linear mixed models (LMMs). Ranges were log- Composition of dog diets was determined using stable isotope analysis of dog whiskers and putative 1 3 2 food items. Two whiskers were plucked during collar retrieval. The period over which whiskers had 1 3 3
grown, and diet could be inferred, was calculated by dividing whisker length by growth rate; a 1 3 4
subsample of dogs were fed ~50g baits with 0.8g (40-80mg/kg) of rhodamine B, a food colourant that
stained whiskers with a fluorescent band. Growth rate (mm/day) was calculated by dividing the
distance between the whisker base and the distal end of the band by the interval between bait 1 3 7
consumption and plucking. yesterday and what they saw other people's dogs eating. The latter question was to identify 'taboo'
items. Foods reported with >2% frequency were sampled, within households where possible.
Otherwise, livestock meats were sampled at a market in Guelendeng, wild animal meats were obtained 1 4 2 from hunters, and fish were sampled from fishers on the Chari. Samples were dried on the day of 1 4 3 collection and stored in ambient conditions. Items were heat sterilised before and after importation For each dog, one whisker was rinsed in distilled water, scraped to remove surface contaminants, and spectrometer. We applied a lipid-normalisation model to We estimated the relative contributions of putative food sources to dog diets using the SIMMR To explore correlates of infection, we analysed variation in a) whether a dog had ever been reported to
have emergent Guinea worms or not, using a GLM with a binomial error structure, and b) the number 1 6 1 of worms that had emerged from infected dogs, using a GLM with a negative binomial error structure.
Explanatory variables were settlement, age, sex, body condition, household water provision and the
proportion of fish in the diet. The proportion of time spent at ponds, number of unique ponds visited,
total and core range sizes and hunting activity were also included in model a). To maximise sample
size, a staged analysis was conducted; the model was run first using data for individuals with no 1 6 6 missing data and then run again having removed the variables that did not explain a significant amount
of variation in the response, allowing the inclusion of further individuals with some missing data.
Settlement was always retained in the model to control for underling spatial variation in risk. Results
6 9
are expressed as odds of having had Guinea worm and as relative risks, with 95% confidence intervals
from bootstrapping 10,000 times with replacement. The same analyses were conducted on our field
survey records of infection and the longer-term data collected by the CGWEP.
Model selection adopted an information theoretic approach. A difference in Akaike Information
Criterion (ΔAIC) of <2 was used to select the top model set. Unless otherwise stated, full model-
averaged effect size coefficients and 95% confidence intervals are reported. Correlations between
explanatory variables were investigated prior to analyses and correlated variables were precluded from
appearing in the same models. Analyses were undertaken in R (v.3.3.3) and Quantum Geographic
Information System (v2.18.1). Locations were projected into the EPSG (32634) coordinate system. Table S1 ).
Using satellite imagery, 359 ponds were identified in the three search areas, though of 30 ponds 1 9 0 located using GPS in the field, only 13 were detected using satellite images. On average, dogs had
23% of their locations within 100m of a detected pond and 2% of their relocation points within 100m
of the Chari River. Dogs in poor body condition spent more time close to ponds than those in Magrao spent more time at ponds than dogs from Lagarna. In Magrao, 37 of 101 (37%) ponds were visited by at least one dog, while in Kakale, 87 of 202 (43%) ponds were visited. A small minority of 1 9 7
ponds accounted for the great majority of dog activity. For example, in Kakale, 80% of dog visits
occurred at nine (5%) ponds, all of which were <100m from a household with a tracked dog and 95% 1 9 9
of visits occurred at 17 (8%) ponds, 16 of which were <200m from a household (Figure 2 ). From 92 households, we recorded 346 reports of food items, grouped into seven broad, isotopically- (including amphibians, n=24), fish (n=88) and human faeces (n=11). Whiskers were obtained from conditional analysis and so dogs with missing data for these variables were included in the final model proportion of fish in their diets were more likely to have had Guinea worm (Relative risk = 1.14 (1.00,
1·48), p < 0.05; Figure 4 ). Analysis using CGWEP surveillance data suggested an effect of settlement,
a similar effect of water provision but no effect of fish consumption (Tables S1-3 (9 and 14 worms) had particular influence on analyses and when they were excluded, none of the 2 2 2 explanatory variables had an effect on the number of worms emerging from an infected dog. Human activity is a key influence upon domestic dog ecology in these settlements and relates to 2 2 5 variation in ranging, diet, access to water and, critically, history of Guinea worm infection. Dogs spent 2 2 6 most of their time close to their human households and their core ranges tended to be less than 1km 2 .
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The exception was for dogs in Kakale whose owners were moving frequently between permanent and by the household. We have shown that provision of water to animals was protective of Guinea worm 2 3 1 infection, and that water provision was negatively related to time spent close to ponds. There is a 2 3 2 question of cause and effect here; the availability of water within the household might reduce the 2 3 3 tendency for dogs to visit ponds but it is also possible that households located further from standing In terms of potential sources of infection, a small number of ponds close to households accounted for
almost all exposure of dogs to surface water, while visits to the Chari River were comparatively rare. contaminated with infected copepods would fit with a classical route for Guinea worm transmission.
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The inconsistency of this transmission pathway with very low incidence in humans can be explained
by the relative ease of access to borehole water. Our analyses of satellite imagery reveal problems in
accessing contemporary imaging at an adequate resolution and in reliably identifying ponds using
optical images. Therefore, we suggest that additional techniques, such as radar, aerial and ground- badly affected by Guinea worm. in the stable isotope ratios of these items, there is uncertainty in the exact contribution they each make, amphibians from other wild animal meats in these settlements. We had strong a priori interest in
consumption of aquatic foods, as a potential route for exposure of dogs to infection. We identified a 2 5 6 significant effect of fish consumption on Guinea worm infection. There was considerable uncertainty consumption of fish, fish guts or other remains.
It is, of course, possible that dogs are exposed to Guinea worm infection by both classical and novel 2 6 1 routes, or perhaps that novel routes explain occasional introductions and the classical route 2 6 2 "amplifies" infection in non-human hosts, in a similar manner as was once seen with humans.
6 3
We were able to conduct exploratory epidemiological analyses using history of adult female Guinea 2 6 4 worm emergence as an indicator of infection. The underlying assumption of these analyses is that 2 6 5 contemporary investigations reflect the ecology of the dog at the time at which it acquired Guinea 2 6 6 worm infection. This may not be unreasonable, given dog longevity and consistency of their 2 6 7 environment. However, our study, undertaken at the beginning of the rainy season, missed the major 2 6 8 environmental variation arising from rains and flooding. We also took emergent adult worms as the worm emergence (i.e. some animals classified as uninfected were genuinely infected) and misses some
animals that have been exposed (i.e. exhibit the ecological traits of infected animals) but had not It is perhaps remarkable that we have, with even this relatively small-scale study, identified correlates of Guinea worm infection in new non-human animal hosts. We hope our work provides encouragement that the impressive progress towards dracunculiasis eradication might continue apace,
by addressing the new but now demonstrably tractable epidemiological setting in which the Guinea
worm is now emerging. kernel density estimate and total range is the 100% minimum convex polygon. The mean and standard
error in parentheses are presented for each variable. averaging across the top model (see Table 1 ) and 95% CIs are derived from model bootstrapping. Significant variables are Settlement and Water provision. settlements, from the data used in the final model of Guinea worm infection (n=100 dogs for Field questionnaire whether their dog had ever had Guinea worm, and records of infected dogs from CGWEP. 
Record source Settlement
Magrao Kakale 
Infection history No infection history Rate (%) Infection history No infection history Rate (%)

